Abstract -By e x p l o i t i n g t h e s t e r e o s p e c i f i c i t y of f a r n e s y l diphosphate synthase r e a c t i o n , both t h e 5 and g isomers of ~~,~-4 -m e t h y l f a r n e s o l and t h e i r d e r i v a t i v e s , including f a r a n a l , 4-MeJH I, and t h e i r congeners were synthesized from 5-(1) and 3-3-methyl-3-pentenyl diphosphate (2), respect i v e l y . Compound 1 a c t e d a s s u b s t r a t e i n t h e r e a c t i o n w i t h v a r i o u s a l l y l i c diphosphate s u b s t r a t e s c a t a l y z e d by undecaprenyl diphosphate synthase of B a c i l l u s s u b t i l i s g i v i n g enantiomerically pure products.
INTRODUCTION

The a b i l i t i e s of enzymes t o d i s c r i m i n a t e between enantiomers of c h i r a l molecules o r enantiot o p i c l o c i of p r o c h i r a l molecules are w e l l documented, and such a b i l i t i e s a r e u t i l i z e d t o prepare c h i r a l compounds. e x t e n s i v e l y from such p o i n t s of view. I f t h e metabolic f u n c t i o n of a n enzyme is t o c a t a l y z e t h e f o l l o w i n g t y p e o f r e a c t i o n l , i t may be p o s s i b l e t o produce e i t h e r enantiomer of a c h i r a l compound a t w i l l by applying t h e same enzyme t o a r t i f i c i a l s u b s t r a t e s modified w i t h i n t h e range of s u b s t r a t e t o l
e r a n c e a s shown i n r e a c t i o n s 2 and 3. P r e n y l t r a n s f e r a s e s , which c a t a l y z e t h e fundamental chain elongation i n isoprenoid biosynthesis, meet t h i s condition. These enzymes are a l s o i n t e r e s t i n g frommechanistic and s y n t h e t i c viewpoints, because t h e enzyme-catalyzed r e a c t i o n s a r e repeated and s t o p a t c e r t a i n chain l e n g t h s depending on t h e s p e c i f i c i t i e s of i n d i v i d u a l enzymes. This paper i s concerned with c a p a b i l i t i e s of s e v e r a l p r e n y l t r a n s f e r a s e s which can b e e l i c i t e d by using a r t i f i c i a l l y modif i e d s u b s t r a t e s . Application of such c a p a b i l i t i e s i n n a t u r a l product chemistry i s a l s o des c r i b e d .
I n p a r t i c u l a r , oxidoreductases and hydrolases have been s t u d i e d
CHlRAL SYNTHESIS BY FARNESYL DIPHOSPHATE SYNTHASE
Using p i g l i v e r f a r n e s y l diphosphate synthase (FPP s y n t h a s e ) , we have shown t h a t both 5-and -R enantiomers (5-3 and 5-3) of 4-methylfamesol can be synthesized from E-(1) and L-3-methyl--3-pentenyl diphosphate (2), r e s p e c t i v e l y ( r e f , 1). This f a c t i n d i c a t e s t h a t t h e s e a r t i f ic i a l s u b s t r a t e s r e a c t with geranyl diphosphate (GPP) i n t h e same stereochemical manner a s demonstrated f o r t h e n a t u r a l s u b s t r a t e , i s o p e n t e n y l diphosphate (IPP) ( r e f . 2 ) .
g t h a t both of them a r e enantiomerically pure. a methyl group on e i t h e r g-o r 2 s i d e of C-4 of IPP does n o t d i s t u r b t h e stereochemical dir e c t i o n of t h e C-C bond formation.
These r e s u l t s show t h a t t h e i n t r o d u c t i o n of
SYNTHESIS OF FARANAL A N D ITS CONGENERS
Taking advantage of broad s u b s t r a t e s p e c i f i c i t y of FPP synthase with regard t o a l l y l i c subs t r a t e s ( r e f . 3 1 , w e a p p l i e d t h e FPP synthase method t o t h e c h i r a l s y n t h e s i s of f a r a n a l , t h e t r a i l pheromone of t h e Pharaoh's a n t ,
t o determine i t s a b s o l u t e configuration. The s y n t h e s i s and bioassay of t h e f o u r p o s s i b l e o p t i c a l isomers l e d t o t h e conclusion t h a t t h e pheromone has t h e 35,4& c o n f i g u r a t i o n ( r e f . 4 ) .
The s y n t h e t i c scheme is given below. The enantiomers corresponding t o 8 and 9 were a l s o synthesized by using 1 i n p l a c e of 2, b u t n e i t h e r of them showed pheromone a c t i v i t y a t a l l even when assayed a t high concentrations.
shows t h a t t h e s t e r e o s p e c i f i c i t y of t h i s s y n t h e t i c method i s extremely high.
This f a c t a l s o
Knowing t h a t t h e 3-5,4& s t r u c t u r e i s e s s e n t i a l f o r t h e pheromone a c t i v i t y , we synthesized s e v e r a l s t r u c t u r a l congeners of f a r a n a l and examined t h e i r a c t i v i t i e s ( r e f . 5 ) .
It seems n o t very c r u c i a l whether t h e s u b s t i t u e n t a t C -1 1 is an e t h y l o r a methyl, in cont r a s t t o t h e 7-methyl, which cannot b e replaced by an e t h y l group without l o s i n g t h e a c t i v i t y . 
SYNTHESIS AND ABSOLUTE CONFIGURATION OF 4-MeJH I
4-MeJHI i s a j u v e n i l e hormone i s o l a t e d from embryos of tobaccohornworm ( r e f . 6 ) . The absol u t e c o n f i g u r a t i o n a t C-4 i s of p a r t i c u l a r i n t e r e s t in r e l a t i o n t o t h a t of f a r a n a l . I n o r d e r t o determine t h e c o n f i g u r a t i o n of 4-MeJHI, we took a b i o g e n e t i c approach by combining t h e FPP synthase method and biotransformation by c u l t u r e d organs.
The s t r a t e g y was a s follows. The m a t e r i a l biotransformed from t h e 2 enantiomer (S-10) comigrated w i t h t h e n a t u r a l product, whereas t h e m e t a b o l i t e derived from t h e 3 enantiomer (R-10) had a l i t t l e longer r e t e n t i o n time. Thus, 4-MeJHI was demonstrated t o have t h e 4-2 c o n f i g u r a t i o n ( r e f . 7 ) .
I f 2-(s-10)and ~-4-methyldihomofarnesol(R40) were f e d t o c o r p o r a a l l a t a , oneof them should b e metabolized t o a substance i d e n t i c a l with n a t u r a l 4-MeJHI. To f a c i l i t a t e t h e i n v e s t i g a t i o n , t h e c h i r a l 4-methyldihomofarnesols
t h e r e a c t i o n stopped a t t h e s t a g e of a s i n g l e condensation t o give a C p 1 compound.
The a l c o h o l product was i d e n t i f i e d with chemicall y synthesized 4-methyl-Z,E,E-geranylgeraniol, and t h e a b s o l u t e c o n f i g u r a t i o n was determined
1) FPP Synthase
2 ) Phosphatase
* corpora allata
Since S-10 and R-10 were metabolized e f f i c i e n t l 
y without d e t e c t a b l e amounts of a d i a s t e r e omeric epoxide, we presume t h a t t h e stereochemical e f f e c t of t h e 4-methyl group h a s no i n f l uence on t h e approach of epoxidation enzyme t o t h e l 0 , l l -d o u b l e bond. isomer had been metabolized poorly, o r given t h e two diastereomers, it coud be argued t h a t t h e stereochemistry a t C-4 could a f f e c t t h a t a t C-10,11. epoxy grouphas t h e same congiguration a s t h a t of J H I U . r a t i o n of t h e 4-methyl group of 4-MeJHI i s o p p o s i t e t o t h a t of f a r a n a l . I f t h e u n n a t u r a l 43
It t h e r e f o r e seems l i k e l y t h a t t h e It is worth n o t i n g t h a t t h e configu-
K. OGURA Compound 1 a c t e d with not only FPP but a l s o v a r i o u s a l l y l i c s u b s t r a t e s , r e g a r d l e s s of t h e c o n f i g u r a t i o n of t h e double bond a t C-2, forming t h e corresponding 4-methylprenyl derivat i v e s r e s u l t i n g from a s i n g l e condensation of 1. As a r e s u l t , (4R) compounds 1 5 -1 9
<OH
CHlRAL SYNTHESIS BY NONAPRENYL DIPHOSPHATE SYNTHASE
The n a t u r a l f u n c t i o n of nonaprenyl diphosphate synthase (NoPP synthase) of M :rococcus l u t e u s ( r e f . 10) is t h e s y n t h e s i s of C40 and C45 polyprenyl diphosphates with a l l E-double bonds.
This enzyme catalyzed t h e r e a c t i o n of 1 and 2 with GPP i n a similar way t o t h a t of FPP synt h a s e i n terms of stereochemistry b u t in a d i f f e r e n t way i n substrate-product s p e c i f i c i t y . Both 1 and 2 were good s u b s t r a t e s r e a c t i n g with v a r i o u s lenghs of all-E-prenyl diphosphates, but t h e r e a c t i o n stopped a f t e r one o r two condensations were completed. I n c o n t r a s t t o UPP synthase, which w a s i n a c t i v e f o r t h e combination of 4-methyl d e r i v a t i v e s of a l l y l i c subs t r a t e s and IPP, NoPP synthase accepted t h e 4-methyl d e r i v a t i v e s when t h e p a r t n e r is IPP. This i m p l i e s t h a t c h i r a l methyls can b e introduced a t w i l l not only a t C-4 b u t a l s o a t C-4n p o s i t i o n s of polyprenyl compounds. These r e s u l t s a r e a l s o i n t e r e s t i n g from a standpoint of t h e r e a c t i o n mechanism of enzyme which r e g u l a t e s t h e b e u t i f u l C-C bond forming r e a c t i o n s .
The following c h i r a l compounds were obtained by NoPP synthase r e a c t i o n s . 
